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Abstract
Prior research on the subject of visualisation of three-dimensional (3D) objects by coordinate systems has proved that
all objects are translated so that the eye is at the origin (eye space). The multiplication of a point in eye space leads to
perspective space, and dividing perspective space leads to screen space. This paper utilised these findings and
investigated the key factor(s) in the visualisation of 3D objects within 3D maps on mobile devices. The motivation of
the study comes from the fact that there is a disparity between 3D objects within a 3D map on a mobile device and
those on other devices; this difference might undermine the capabilities of a 3D map view on a mobile device. This
concern arises while interacting with a 3D map view on a mobile device. It is unclear whether an increasing number of
users will be able to identify the real world as the 3D map view on a mobile device becomes more realistic. We used
regression analysis intended to rigorously explain the participants' responses and the Decision Making Trial and
Evaluation Laboratory method (DEMATEL) to select the key factor(s) that caused or were affected by 3D object views.
The results of regression analyses revealed that eye space, perspective space and screen space were associated with 3D
viewing of 3D objects in 3D maps on mobile devices and that eye space had the strongest impact. The results of
DEMATEL using its original and revised version steps showed that the prolonged viewing of 3D objects in a 3D map
on mobile devices was the most important factor for eye space and a long viewing distance was the most significant
factor for perspective space, while large screen size was the most important factor for screen space. In conclusion, a
3D map view on a mobile device allows for the visualisation of a more realistic environment. © 2015 NSP Natural
Sciences Publishing Cor.
Author keywords
3D-Map  Eye-space  Perspective space  Screen-space
◅ Back to results
 Export  Download  Print  E-mail  Save to PDF ⋆ Add to List  ▻More...
View at Publisher
Applied Mathematics and Information Sciences
Volume 9, Issue 6, 2015, Pages 3133-3145
Abubakar, A.a  Zeki, A.M.a Chiroma, H.b Muaz, S.A.b Uddin, M.ac Mahmood, N.a Herawan, T.b 
a
b
c
 View references (44)
ISSN: 19350090
Source Type: Journal
Original language: English
DOI: 10.12785/amis/090642
Document Type: Article
Publisher: Natural Sciences Publishing Co.
 ▻View in search results format
     All Export  Print  E-mail  Save to PDF Create bibliography
PlumX Metrics
Usage, Captures, Mentions,
Social Media and Citations
beyond Scopus.
Metrics 
0 Citations in Scopus
0 Field-Weighted
Citation Impact
Cited by 0 documents
Inform me when this document
is cited in Scopus:
Related documents
,  , 
(2005) IEEJ Transactions on
Electronics, Information and
Systems
,  ,
(2015) Proceedings of the 2015
IEEE International Symposium
on Mixed and Augmented
Reality, ISMAR 2015
, 
(2016) Proceedings of the ACM
Symposium on Virtual Reality
Software and Technology, VRST


 ▻Set citation alert  ▻Set citation feed
An Object-Based VRML Interface
 Araya, S. Suzaki, K. Miyake, Y.
[POSTER] Photo billboarding: A
simple method to provide clues
that relate camera views and a 2D
map for mobile Pedestrian
navigation
 Watanabe, J. Kagami, S.
Hashimoto, K.
Concept for content-aware,
automatic shifting for spherical
panoramas
 Pohl, D. Grauy, O.
9/25/2017 Scopus - Document details
https://www.scopus.com/record/display.uri?eid=2-s2.0-84938852878&origin=resultslist&sort=plf-f&src=s&st1=Visualisation+of+a+three-dimensional+o… 2/7
Leshed, G., Velden, T., Rieger, O., Kot, B., Sengers, P. 
(2008) Conference on Human Factors in Computing Systems - Proceedings, pp. 1675-1684.  . 
ISBN: 978-160558011-1 
doi: 10.1145/1357054.1357316 
Ellard, C. 
Where am I? Why we can Find our Way to the Moon but get Lost in the Mall 
(2009) , p. 336.  . 
Published by Harper Collins Publishers' Ltd. London 
 
Nurminen, A. 
(2006) Web3D Symposium Proceedings, pp. 7-18.  . 
ISBN: 1595933360; 978-159593336-2 
doi: 10.1145/1122591.1122593 
Nurminen, A. 
(2008) IEEE Computer Graphics and Applications, 28 (4), pp. 20-31.  . 
doi: 10.1109/MCG.2008.75 
Oulasvirta, A., Nivala, A., Tikka, V., Liikkanen, L., Nurminen, A. 
Understanding Users' Strategies with Mobile Maps. Interactivity and Usability of Map-based Mobile
Services, a Workshop 
(2005)  
Mobile HCI 
 
Cockburn, A. 
Revisiting 2D vs 3D Implications on Spatial Memory, Proceedings of the Fifth Australasian User Interface
Conference (AUIC2004) 
(2004) , pp. 25-32. 
Dunedin, New Zealand 
 
Edwards, John D.M., Hand, Chris 
(1997) Proceedings of the Annual Symposium on the Virtual Reality Modeling Language, VRML, pp. 65-
73.  . 
Jiang, W., Yuguo, W., Fan, W. 
An Approach for Navigation in 3D Models on Mobile Devices 
(2009) , 8. 
Stilla, F. U.Rottensteiner, N. Paparoditis, (EDS) CMRT09. IAPRS, XXXVIII, PART 3/W4 
 
1
In-car GPS navigation: Engagement with and disengagement from the environment
Cited 73 times
View at Publisher
2
Cited 20 times
3
M-LOMA - A mobile 3D city map
Cited 38 times
View at Publisher
4
Mobile 3D city maps
Cited 22 times
View at Publisher
5
6
7
MaPS: Movement and planning support for navigation in an immersive VRML
browser
Cited 17 times
8
  
Find more related documents in
Scopus based on:
View all related documents based
on references
 ▻Authors  ▻Keywords
9/25/2017 Scopus - Document details
https://www.scopus.com/record/display.uri?eid=2-s2.0-84938852878&origin=resultslist&sort=plf-f&src=s&st1=Visualisation+of+a+three-dimensional+o… 3/7
Dünser, A., Billinghurst, M., Wen, J., Lehtinen, V., Nurminen, A. 
(2012) Computers and Graphics (Pergamon), 36 (8), pp. 1084-1095.  . 
doi: 10.1016/j.cag.2012.10.001 
Ware, C. 
Information Visualization: Perception for Design 
(2004) Morgan Kaufmann, p. 268.  . 
San Diego, CA 
 
Berg Insight, A.B. 
(2007)  
Mobile Maps and Navigation (Market Research Report) 
 
Angelaki, D.E., Hess, B.J.M. 
(2005) Nature Reviews Neuroscience, 6 (12), pp. 966-976.  . 
doi: 10.1038/nrn1804 
Howard, I.P., Rogers, B.J. 
(2009) Seeing in Depth, 1-2, pp. 1-1301.  . 
 
ISBN: 978-019986726-4; 978-019536760-7 
doi: 10.1093/acprof:oso/9780195367607.001.0001 
Schor, C., Robertson, K.M., Wesson, M. 
(1986) American Journal of Optometry and Physiological Optics, 63 (8), pp. 611-618.  . 
Blinn, J.F. 
(1998) IEEE Computer Graphics and Applications, 18 (3), pp. 78-82.  . 
doi: 10.1109/38.674975 
Shibata, T., Kim, J., Hoffman, D.M., Banks, M.S. 
(2011) Journal of vision, 11 (8), p. 11.  . 
9
Exploring the use of handheld AR for outdoor navigation
Cited 26 times
View at Publisher
10
Cited 12 times
11
12
Self-motion-induced eye movements: Effects on visual acuity and navigation
Cited 55 times
View at Publisher
13
Seeing in Depth
Cited 35 times
http://www.oxfordscholarship.com/view/10.1093/acprof:oso/9780195367607.001.0001/acprof-
9780195367607
View at Publisher
14
Disparity vergence dynamics and fixation disparity
Cited 15 times
View at Publisher
15
W Pleasure, W Fun
Cited 4 times
View at Publisher
16
The zone of comfort: Predicting visual discomfort with stereo displays.
Cited 85 times
View at Publisher
9/25/2017 Scopus - Document details
https://www.scopus.com/record/display.uri?eid=2-s2.0-84938852878&origin=resultslist&sort=plf-f&src=s&st1=Visualisation+of+a+three-dimensional+o… 4/7
Koenderink, J.J. 
(2012) Journal of Physiology Paris, 106 (5-6), pp. 173-182.  . 
doi: 10.1016/j.jphysparis.2011.11.002 
Kaasinen, E. 
User Acceptance of Mobile Services-Value, Ease of Use, Trust and Ease of Adoption 
(2005) .  . 
Doctoral dissertation, VTT Publications 566, Finland 
 
Weiss, Handheld usability 
(2002)  
ACM Press, New York 
 
Oulasvirta, A., Estlander, S., Nurminen, A. 
(2009) Personal and Ubiquitous Computing, 13 (4), pp. 303-320.  . 
doi: 10.1007/s00779-008-0209-0 
Johnson, B., Christensen, L.B. 
Educational Research:Quantitative, Qualitative, and Mixed Approaches (4TH ED.) 
(2010) .  . 
Thousand OAKS, Calif.: Sage Publications 
 
Biddle, B.J., Anderson, D.S. 
Theory, Methods, Knowledge, and Research on Teaching 
(1986) .  . 
M. C. Wittrock (ED.), Handbook of Research on Teaching (3RD ED.) (PP. 230-252). New York: Macmillan 
 
Gill, J., Johnson, P., Clark, M. 
(2010)  
Research Methods for Managers (4th ED.). London: Sage Publications 
 
Benz, C.R., Newman, I. 
Mixed Methods Research Exploring the Interactive Continuum 
(2008)  
Carbondale: Southern Illinois University Press 
 
Zhou, Q., Huang, W., Zhang, Y. 
(2011) Safety Science, 49 (2), pp. 243-252.  . 
doi: 10.1016/j.ssci.2010.08.005 
17
Geometry of imaginary spaces
Cited 4 times
View at Publisher
18
Cited 92 times
19
20
Embodied interaction with a 3D versus 2D mobile map
Cited 39 times
View at Publisher
21
Cited 736 times
22
Cited 40 times
23
24
25
Identifying critical success factors in emergency management using a fuzzy DEMATEL
method
Cited 101 times
View at Publisher
9/25/2017 Scopus - Document details
https://www.scopus.com/record/display.uri?eid=2-s2.0-84938852878&origin=resultslist&sort=plf-f&src=s&st1=Visualisation+of+a+three-dimensional+o… 5/7
Hung, Y.-H., Chou, S.-C.T., Tzeng, G.-H. 
(2011) Decision Support Systems, 51 (2), pp. 270-291.  . 
doi: 10.1016/j.dss.2010.11.021 
Wu, H.-H., Chen, H.-K., Shieh, J.-I. 
(2010) Expert Systems with Applications, 37 (7), pp. 5219-5223.  . 
doi: 10.1016/j.eswa.2009.12.068 
Lee, H.-S., Tzeng, G.-H., Yeih, W., Wang, Y.-J., Yang, S.-C. 
(2013) Applied Mathematical Modelling, 37 (10-11), pp. 6746-6757.  . 
doi: 10.1016/j.apm.2013.01.016 
Leedy, P.D., Ormrod, J.E. 
Practical Research Planning and Design. Person Education Upper Saddle River 
(2010) New Jersey, p. 336. 
 
Creswell, J.W. 
Research Design: Qualitative, Quantitative, and Mixed Methods Approach 
(2009) .  . 
Sage Publications Inc, California 
 
Marshall, M.N. 
(1996) Family Practice, 13 (6), pp. 522-525.  . 
doi: 10.1093/fampra/13.6.522 
Merchant, J., Morrissette, R., Porterfield, J.L. 
(1974) IEEE Transactions on Biomedical Engineering, BME-21 (4), pp. 309-317.  . 
doi: 10.1109/TBME.1974.324318 
Li, Z., Wang, Y., Guo, J., Cheong, L.-F., Zhou, S.Z. 
(2013) 2013 IEEE International Symposium on Mixed and Augmented Reality, ISMAR 2013, art. no.
6671759, pp. 11-19.  . 
ISBN: 978-147992869-9 
doi: 10.1109/ISMAR.2013.6671759 
26
Knowledge management adoption and assessment for SMEs by a novel MCDM
approach
Cited 48 times
View at Publisher
27
Evaluating performance criteria of Employment Service Outreach Program personnel
by DEMATEL method
Cited 33 times
View at Publisher
28
Revised DEMATEL: Resolving the infeasibility of DEMATEL
Cited 31 times
View at Publisher
29
30
Cited 10320 times
31
Sampling for qualitative research
Cited 845 times
View at Publisher
32
Remote Measurement of Eye Direction Allowing Subject Motion Over One Cubic Foot
of Space
Cited 79 times
View at Publisher
33
Diminished reality using appearance and 3D geometry of internet photo collections
Cited 11 times
View at Publisher
9/25/2017 Scopus - Document details
https://www.scopus.com/record/display.uri?eid=2-s2.0-84938852878&origin=resultslist&sort=plf-f&src=s&st1=Visualisation+of+a+three-dimensional+o… 6/7
Presson, C.C., Montello, D.R. 
(1994) Perception, 23 (12), pp. 1447-1455.  . 
Stamminger, M., Drettakis, G. 
(2002) ACM Transactions on Graphics, 21 (3), pp. 557-562.  . 
Grau, O. 
Virtual Art: from illusion to immersion 
(2003) .  . 
MIT press 
 
Brewster, S. 
(2002) Personal and Ubiquitous Computing, 6 (3), pp. 188-205.  . 
doi: 10.1007/s007790200019 
Kamba, Tomonari, Elson, Shawn A., Harpold, Terry, Stamper, Tim, Sukaviriya, Piyawadee 
(1996) Conference on Human Factors in Computing Systems - Proceedings, pp. 383-390.  . 
Zhang, D.-G., Liang, Y.-P. 
(2013) Mathematical and Computer Modelling, 57 (3-4), pp. 344-356.  . 
doi: 10.1016/j.mcm.2012.06.012 
Lynley, M. 
Stunning, High-Res Photos of the New Gorgeous iPhone 5 
(2014)  
Retrieved from, February 22 
 
 
Tandon, A. 
The iPhone 5 is now official: Everything you need to know 
(2012)  
Retrieved February 17 
 
 
Baldwin, R. 
Amazon Acquires 3-D Mapping Startup UpNext, Report Says 
(2014)  
Retrieved February 22 
 
 
34
Updating after rotational and translational body movements: coordinate structure of
perspective space.
Cited 167 times
View at Publisher
35
Perspective shadow maps
Cited 51 times
36
Cited 252 times
37
Overcoming the lack of screen space on mobile computers
Cited 186 times
View at Publisher
38
Using small screen space more efficiently
Cited 60 times
View at Publisher
39
A kind of novel method of service-aware computing for uncertain mobile applications
Cited 43 times
View at Publisher
40
http://www.businessinsider.com/huge-iphone-5-photos-2012-9?op=1
41
http://techjunky.com/apple/the-iphone-5-is-now-official-everythingyou-need-to-know/
42
http://www.wired.com/gadgetlab/2012/07/amazon-acquires-3D-mapping-company/
9/25/2017 Scopus - Document details
https://www.scopus.com/record/display.uri?eid=2-s2.0-84938852878&origin=resultslist&sort=plf-f&src=s&st1=Visualisation+of+a+three-dimensional+o… 7/7
 1 of 1
Hurbanic, A. 
Sygic Aura Drive 3D navigation for the iPhone released in USA & Canada - the first nav app to use the 3D
acceleration chip of the iPhone 
(2012)  
Retrieved May 2 
 
 
Beeharee, A., Steed, A. 
(2007) Personal and Ubiquitous Computing, 11 (6), pp. 429-437.  . 
doi: 10.1007/s00779-006-0091-6 
 Abubakar, A.; Department of Information Systems, International Islamic University Malaysia, Kuala Lumpur,
Malaysia 
© Copyright 2015 Elsevier B.V., All rights reserved.
43
http://www.sygic.com/en/sygic-aura-drive-3d-navigation
44
Exploiting real world knowledge in ubiquitous applications
Cited 24 times
View at Publisher
 
◅ Back to results  Top of page
About Scopus
What is Scopus
Content coverage
Scopus blog
Scopus API
Privacy matters
Language
⽇本語に切り替える
切换到简体中文
切換到繁體中文
Русский язык
Customer Service
Help
Contact us
 
Copyright © 2017 . All rights reserved. Scopus® is a registered trademark of
Elsevier B.V.  
Cookies are set by this site. To decline them or learn more, visit our .
Terms and conditions Privacy policy
Elsevier B.V
Cookies page
